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DESCRIPTION 
PNEUMATIC TIRE 

TECHNICAL FIELD 

[0001] The present invention relates to a pneumatic tire, 
and more particularly, to a pneumatic tire capable of 
suppressing occurrence of stone drilling while keeping 
traction performance on a snowy road and the like. 



BACKGROUND ART 

[0002] In conventional pneumatic tires, stones are 

sometimes held or trapped within grooves that are formed on 
the tread area of a pneumatic tire fitted to a vehicle, 

15 during its travel. Furthermore, such stones may penetrate 
the bottoms of the grooves due to rolling of the pneumatic 
tire, and so-called "stone drilling" may occur. If the 
stone drilling occurs in the above manner, then the stones 
having penetrated causes cracking of the groove bottoms and 

20 damage to a belt layer when the stone penetration occurs so 
deeply. If the belt layer is damaged, water comes into the 
belt layer from the outside through a hole made by the 
stone drilling, and steel forming the belt layer is rusted, 
which may lead to tread separation. 

25 [0003] Some of the conventional pneumatic tires have 

protrusions in the grooves in order to minimize stone 
trapping in the grooves. For example, in Patent Literature 
1, a pneumatic tire has circumferential grooves, along 
which protrusions are provided. These protrusions can 

30 minimize stone trapping in the circumferential grooves. 

Furthermore, in the Patent Literature 1, a protrusion is 
located at an intersection between a circumferential groove 
and a lateral groove, and is formed so as to fit also along 
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the lateral groove. Stones or the like are easily held in 
the portion where the grooves intersect each other, and 
stone trapping thereby easily occurs therein. However, by 
forming the protrusion disposed at this portion into such a 
5 form that the protrusion fits also along the lateral groove, 
the stone trapping hardly occurs. Since the pneumatic tire 
runs on the snowy road, snow traction performance is also 
required. High snow traction performance can be obtained 
by increasing the capacity of the grooves to cause the snow 
10 on the road to enter the grooves, and by pushing aside the 

snow. Therefore, the protrusions, which are almost cuboids, 
are arranged at intervals to ensure the capacity of the 
grooves . 

[0004] [Patent Literature 1] Japanese Patent Application 

15 Laid-Open No. H03-67706. 

DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] When the protrusions are formed in the above 

20 manner, however, a stone having entered the groove catches 
on the edge of the protrusion, formed into the cuboid, in 
the direction along the circumferential groove, and the 
protrusion may sometimes be damaged thereby. The stone 
having entered the groove is to move along the groove due 
25 to rolling of the pneumatic tire. Therefore, if the stone 
catches on the protrusion, load is applied to the 
protrusion by the force with which the stone is going to 
move, so that the protrusion may be cracked or chipped. 
Particularly, the protrusion is prone to be cracked or 
30 chipped as wear of the tread area progresses. When the 

protrusion, allowing for the snow traction performance, is 
chipped, the effects of minimizing the stone trapping and 
the stone drilling are reduced. 
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[0006] The present invention has been achieved to solve 
at least the conventional problems , and it is an object of 
the present invention to provide a pneumatic tire capable 
of improving resistance to stone drilling while ensuring 
5 snow traction performance. 

MEANS TO SOLVE THE PROBLEMS 

[0007] According to the study carried out by the 

inventors of the present invention for solving the problems , 

10 to make clear the mechanism of damage to the protrusions 
provided in the groove bottoms , the pneumatic tire with 
cuboid protrusions, which were arranged at intervals in the 
groove bottoms , was fitted to the drive shaft of a 2-D 
vehicle , and the 2-D vehicle was caused to run a fixed 

15 distance along a course paved with stones. There were 
stones retained after the vehicle ran, without being 
ejected from the grooves. The stones retained were 
numbered, and positions where the stones had been trapped 
were recorded, and then the stones trapped were observed in 

20 the method of causing the vehicle to run again on the 

course. As the result of observation carried out in this 
manner, it was found that about 90% of the stones initially 
trapped were ejected. Then, the stones retained after the 
ejection were observed, and it was found that the stones 

25 moved from the positions, where the stones had been trapped, 
in the direction opposite to the direction of rotation of 
the pneumatic tire, and that the stones caught on the 
protrusions formed in the positions to which the stones 
moved and parts of the protrusions were thereby damaged. 

30 The pneumatic tire was then caused to further run, based on 
the same conditions as these in the previous running, so as 
to be worn out up to 50% thereof. As the result of this, 
stone trapping was found in about 60% of the protrusions 
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which were chipped due to the damage. Furthermore, as the 
result of causing it to run so as to be worn out up to 80% 
thereof, it was found that the stones in the parts chipped 
of the protrusions were not ejected but gave damage to 
5 tread rubber of the groove bottoms. As the result of 
careful study by the inventors in the above manner, the 
damage to the tread rubber, namely, how the stone drilling 
occurred was found out, to reach achievement of the present 
invention . 

10 [0008] To solve the above problems and to achieve the 

goal, a pneumatic tire according to one aspect of the 
present invention includes a tread area that is divided 
into a plurality of lands by a plurality of grooves formed 
in the tread area. Each of the grooves includes a 

15 plurality of protrusions arranged at intervals on a bottom 
of the groove. The protrusions are lower than the lands 
from the bottom of the groove, and separated from the lands. 
Each of the protrusions includes a protrusion main body 
having a top portion that is a highest portion from the 

20 bottom of the groove; and a slope portion having a slop 
that makes an angle with the bottom of the groove in a 
range between 3 degrees and 60 degrees. The slope portion 
is formed in at least one direction along the groove. 
[0009] According to the present invention, the 

25 protrusions are provided in the groove. Since the 

protrusions are formed at intervals, and are separated from 
the lands, the capacity of the groove can be ensured. 
Therefore, when the pneumatic tire runs on the snowy road, 
the snow on the road surface enters the grooves, and the 

30 pneumatic tire enables to push a lot of snow aside, to 
ensure snow traction performance. Furthermore, the 
protrusion includes the sloped portion having the slop of 
which angle with the groove bottom is in a range from 3 to 
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60°. Therefore , even if a stone is trapped within the 
groove, the stone moves also in the tire radial direction 
along the slope by rolling of the pneumatic tire, without 
catching on the protrusion when moving along within the 
5 groove. Consequently, the stone trapped within the groove 
is ejected from the groove, thereby minimizing the 
occurrence of stone drilling. These allow improvement of 
the resistance to stone drilling while the snow traction 
performance is ensured. 

10 [0010] According to the present invention, the slope 

portion is formed in at least two opposite directions with 
respect to the protrusion main body along the groove. 
[0011] According to the present invention, the sloped 
portion is formed in the two directions which are mutually 

15 opposite to each other with respect to the protrusion main 
portion along the groove. Therefore, the stone trapped 
within the groove moves along the groove, and thereby more 
surely contacts the sloped portion. Consequently the 
stone can be more definitely moved in the tire radial 

20 direction and ejected from the groove. This more reliably 
allows improvement of the resistance to stone drilling. 
[0012] According to the present invention, a width of 
the slope is 0.7 time to 1.1 times of a width of the top 
portion in a direction of the width of the slope. 

25 [0013] According to the present invention, by forming 

the width of the slope in the range, the resistance to 
stone drilling can be improved while the snow traction 
performance is more definitely ensured. More specifically, 
if the width of the slope is narrower than 0.7 times of the 

30 width of the top portion, the stone trapped within the 

groove may be held between the land and the sloped portion. 
In this case, even if the stone contacts the slope, the 
stone is not ejected from the groove, and hence, the 
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resistance to stone drilling may be difficult to be 
improved. On the other hand, if the width of the slope is 
wider than 1.1 times of the width of the top portion, the 
capacity of the groove may be decreased. Therefore, when 
5 the pneumatic tire runs on the snowy road, the amount of 
the snow entering the grooves decreases, and the amount of 
the snow on the snowy road to be pushed aside may decrease. 
This causes the snow traction performance to be hardly 
ensured. By forming the width of the slope so as to become 

10 0 . 7 to 1 . 1 times of the width of the top portion, the stone 
trapped within the groove can be more definitely ejected to 
the outside while the capacity of the groove is ensured. 
This allows improvement of the resistance to stone drilling 
while the snow traction performance is more reliably 

15 ensured. 

[0014] According to the present invention, a height of 
the top portion from the bottom of the groove is equal to 
or more than 2 millimeters and equal to or less than a half 
of a height of the lands . 

20 [0015] According to the present invention, since the top 

portion is formed at the height of 2 mm or more, the stone 
trapped within the groove can be more surely ejected from 
the groove. In other words, if the height of the top 
portion is less than 2 mm, it is not so different from the 

25 level of the groove bottom in the depth direction of the 
groove. Since the distance from the top portion to the 
opening is large, ejection of the stone to the outside of 
the groove may become difficult. The height from the 
groove bottom to the top portion is therefore provided by 2 

30 mm or more, and the top portion is made to closer to the 
opening of the groove, thereby more reliably ejecting the 
stone trapped within the groove to the outside. 
Furthermore, since the top portion is formed at the height 
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of 1/2 or less of the height of the land, the volume of the 
protrusions with respect to the groove does not become too 
large. Therefore, even if the protrusions are provided in 
the groove, the capacity of the groove can be prevented 
5 from becoming too small. Consequently, even when the 

vehicle runs on the snowy road, a lot of snow can be pushed 
aside. These allow improvement of the resistance to stone 
drilling while the snow traction performance is more 
reliably ensured. 

10 [0016] According to the present invention, a joint is 

provided between two adjacent protrusions, a height of the 
joint is equal to or less than 1 millimeter from the bottom 
of the groove, and the two adjacent protrusions are 
connected by the joint. 

15 [0017] According to the present invention, the joint is 
provided between the mutually adjacent protrusions, and the 
height of the joint from the groove bottom is 1 mm or less. 
The protrusions are connected to each other through the 
joint, thereby improving the resistance to stone drilling. 

20 More specifically, the space between the adjacent 

protrusions is a valley formed by respective slopes of the 
protrusions. Therefore, when the stone trapped within the 
groove moves in the groove, the stone easily moves to the 
space therebetween. As a result, the stone is easy to 

25 penetrate the space, where stone drilling easily occurs. 
By providing the joint formed as a bump, protruding from 
the groove bottom outwardly in the tire radial direction, 
in this space, the occurrence of stone drilling can be 
minimized. Furthermore, since the joint is formed at the 

30 height of 1 mm or less, this hardly affects the capacity of 
the groove, and hence, reduction in snow traction 
performance can be suppressed even when the joint is 
provided. These allow further improvement of the 
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resistance to stone drilling while the snow traction 
performance is ensured. 

[0018] According to the present invention, the lands 
form a block pattern, the grooves intersect each other to 
5 form an intersection, and the protrusion main body is 
located at the intersection. 

[0019] According to the present invention, since the 
protrusion main portion of the protrusion is located at the 
intersection of the grooves, the occurrence of stone 

10 drilling can be reduced. In other words, since the 

intersection of the grooves has a large opened area on the 
tread surface, a stone on the road surface easily enters 
the intersection when the pneumatic tire is rolling along 
the road surface. Therefore, by locating the protrusion 

15 main portion of the protrusion at the intersection, the 
stone having entered the intersection contacts the 
protrusion main portion, to be immediately ejected to the 
outside of the groove. This more reliably allows 
improvement of the resistance to stone drilling. 

20 [0020] According to the present invention, the slope 

portion is formed in a plurality of directions along the 
grooves . 

[0021] According to the present invention, the sloped 
portion is formed in the plurality of directions along the 

25 grooves that form the intersection. Therefore, if a stone 
is trapped within the groove near the intersection and the 
stone moves toward the intersection as the pneumatic tire 
rolls, the stone moves outwardly in the tire radial 
direction along the slope of the sloped portion while 

30 directing toward the intersection. Then, when the stone 
reaches a portion where there is the protrusion main 
portion, because the protrusion main portion is located at 
the intersection having the large opened area, the stone is 
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easily ejected from the groove. As a result, .the stone can 
be prevented from its penetration in the direction of the 
groove bottom. Therefore, by locating the protrusion main 
portion at the intersection, the stone drilling can be more 
5 definitely minimized. This more reliably allows 
improvement of the resistance to stone drilling. 
[0022] According to the present invention, the lands 
form a block pattern, the grooves intersect each other, and 
the slope portion is bent from a first groove in which the 
10 protrusion main body connected with the slope portion is 

formed in a direction along a second groove that intersects 
the first groove. 

[0023] According to the present invention, the 
protrusion, which is formed near the portion where the 

15 groove and another groove intersect each other, has the 

sloped portion that is bent in the direction of the another 
groove, and hence, even if the protrusion main portion is 
not located at the intersection, the stone trapped within 
the groove near the intersection becomes easy to contact 

20 the sloped portion that is bent. When the stone in contact 
with the sloped portion moves in the direction in which the 
groove is formed, the stone moves in the tire radial 
direction, thereby being easily ejected from the groove. 
This more reliably allows improvement of the resistance to 

25 stone drilling. 

EFFECTS DUE TO THE INVENTION 

[0024] The pneumatic tire according to the present 

invention is capable of improving the resistance to stone 
30 drilling while ensuring the snow traction performance. 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] Fig. 1 is a diagram of a tread area of the 
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pneumatic tire according to the present invention; 

Fig. 2 is a detailed diagram of the portion A of Fig. 

1; 

Fig. 3 is a cross-section taken along the line B-B of 
5 Fig. 2; 

Fig. 4 is a perspective view of a protrusion; 

Fig. 5 is a cross-section of how a stone is trapped 
within the groove of the pneumatic tire; 

Fig. 6 is a diagram of how the stone of Fig. 5 moves; 
10 Fig. 7 is a diagram of a modification of Fig. 1; 

Fig. 8 is a diagram of a modification of protrusions 
provided in the groove other than an intersection; 

Fig. 9 is a diagram of another modification of the 
protrusions provided in the groove other than an 
15 intersection ; 

Fig. 10 is a diagram of how a protrusion main portion 
and a sloped portion are separated from each other; 

Fig. 11 is a diagram of how the width of a slope is 
narrower than the width of a top portion; 
20 Fig. 12 is a diagram of how the width of a slope is 

wider than the width of a top portion; 

Fig. 13 is a perspective view of a protrusion of which 
top portion is an almost circle, when viewed from the depth 
direction of the groove; 
25 Fig. 14 is a diagram of a modification of a protrusion 

near the intersection; 

Fig. 15 is a diagram of how a protrusion is connected 
to a joint formed in a space between the protrusion and the 
adjacent protrusion; 
30 Fig. 16 is a cross-section taken along the line C-C of 

Fig. 15; 

Fig. 17 is a diagram of results of performance 
evaluation tests on the pneumatic tire; and 
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Fig. 18 is a diagram of results of performance 
evaluation tests on the pneumatic tire. 



DESCRIPTION OF REFERENCE SIGNS 
5 [0026] 
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25 BEST MODE(S) FOR CARRYING OUT THE INVENTION 

[0027] Exemplary embodiments of a pneumatic tire 
according to the present invention are explained in detail 
below with reference to the attached drawings. It should 
be noted that the present invention is not limited by the 

30 embodiments. Components in the following embodiments 

include those easily replaceable by persons skilled in the 
art, or those substantially the same. Furthermore, the 
components in the following embodiments include those 
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replaceable and easily made by the persons skilled in the 
art, or those substantially the same. The tread pattern of 
the pneumatic tire includes a block pattern, a rib pattern, 
and a rib-lug pattern, but in the following explanation, 
5 the pneumatic tire of which tread pattern is formed with 
the block pattern is explained as an example of the 
pneumatic tire according to the present invention. 
[0028] (Embodiments ) 

In the following explanation, a tire width direction 

10 indicates a direction parallel to a tire rotating axis of 
the pneumatic tire, a tire radial direction indicates a 
direction orthogonal to the tire rotating axis, and a tire 
circumferential direction indicates a circumferential 
direction based on the tire rotating axis as a central axis. 

15 Fig. 1 is a diagram of a tread area of the pneumatic tire 
according to the present invention. A pneumatic tire 1 
includes a tread area 10 formed on an outermost side 
thereof in the tire radial direction. When a vehicle (not 
shown) with the pneumatic tire runs, the surface of the 

20 tread area 10, namely, the portion of the pneumatic tire 1 

contacting the road surface is formed as a tread surface 11. 
The tread area 10 is formed with a plurality of grooves 20 
including grooves formed in predetermined directions. The 
grooves 20 includes a plurality of circumferential grooves 

25 21 formed in the tire circumferential direction and a 

plurality of lateral grooves 22 formed in the tire width 
direction. The tread area 10 is divided by the 
circumferential grooves 21 and the lateral grooves 22 into 
a plurality of blocks 15, being lands. Protrusions 30 are 

30 arranged at intervals in the grooves 20 in such a manner 
that the protrusions 30 are provided in both the 
circumferential grooves 21 and the lateral grooves 22. The 
circumferential groove 21 and the lateral groove 22 are not 
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necessarily formed accurately in the tire circumferential 
direction or the tire width direction. The circumf erential 
groove 21 may be formed substantially in the tire 
circumferential direction, and hence, the circumferential 
5 groove 21 may be formed at a slant with respect to the tire 
width direction or formed with a curve. The lateral groove 
22 may be formed substantially in the tire width direction, 
and hence, the lateral groove 22 may be formed at a slant 
with respect to the tire circumferential direction or 

10 formed with a curve. 

[0029] Fig. 2 is a detailed diagram of the portion A of 

Fig. 1. Fig. 3 is a cross-section taken along the line B-B 
of Fig. 2. Fig. 4 is a perspective view of the protrusion. 
The protrusion 30 is formed apart from the blocks 15 or 

15 from groove walls 23 of the groove 20. The protrusion 30 
is formed so as to protrude from a groove bottom 2 4 of the 
groove 20 outwardly in the tire radial direction, and is 
also formed at a height lower than a height of the block 15, 
namely, lower than the distance from the groove bottom 24 

20 to the tread surface 11. The protrusion 30 thus formed 

includes a protrusion main portion 31 and a sloped portion 
35. The protrusion main portion 31 and the sloped portion 
35 are formed respectively to a substantially rectangle 
when the protrusion 30 is viewed in the depth direction of 

25 the groove 20. The protrusion main portion 31 has a top 
portion 32 which is the highest portion from the groove 
bottom 24, of portions of the protrusion 30. The sloped 
portion 35 is connected to the top portion 32, and has a 
slope 36 that is formed so that its height from the groove 

30 bottom 2 4 is getting lower with distance from the top 
portion 32 toward the direction parallel to the groove 
bottom 24. A height H of the top portion 32 is preferably 
1/2 or less of the groove depth of the groove 20, or 1/2 or 
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less of the height of the block 15 , and the height from the 
groove bottom 24 is preferably 2 mm or more. Furthermore, 
a width E of the top portion 32 in the width direction of 
the groove 20 is formed preferably with a width of the 
5 groove 20. More specif ically , the width E is formed 

preferably with a width in a range from 0.10 to 0.25 times 
of a width G of an opening 25 of the groove 20. 
[0030] The slope 36 is formed so that an angle 9 with 

the groove bottom 24 ranges from 3 to 60°. Further, the 

10 sloped portion 35 is formed in two directions mutually 

opposite to each other with respect to the protrusion main 
portion 31, at least along the groove 20. More 
specifically, the protrusion 30 formed in the 
circumferential groove 21 has the sloped portions 35 which 

15 are formed in two directions mutually opposite to each 

other with respect to the protrusion main portion 31, at 
least along the circumferential groove 21, or in two 
directions mutually opposite to each other along the tire 
circumferential direction. Further, the protrusion 30 

20 formed in the lateral groove 22 has the sloped portions 35 
which are formed in two directions mutually opposite to 
each other with respect to the protrusion main portion 31, 
at least along the lateral groove 22, or in two directions 
mutually opposite to each other along the tire width 

25 direction. The directions, in which the sloped portions 35 
are formed, only have to be formed in two directions 
mutually opposite to each other with respect to the 
protrusion main portion 31, at least along the groove 20, 
and the sloped portion 35 may further be formed in 

30 directions other than the two directions. More 

specifically, the sloped portion 35 is preferably formed in 
three or more directions allowing for resistance to stone 
drilling, and the sloped portion 35 is preferably formed in 
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four or less directions allowing for snow traction 
performance. Because the slope 36 is formed on the sloped 
portion 35, the slope 36 is formed by the same number as 
the number of the sloped portions 35. The angle 0 of the 
5 slope 36 with respect to the groove bottom 24 is formed 
preferably at 30° or less. 

[0031] A width F of the slope 36 of the sloped portion 
35 is formed with almost the same width as the width E of 
the top portion 32 in the width F direction of the slope 36. 

10 Since the protrusions 30 are arranged at intervals in the 
grooves 20 in the above manner, both edges 37, which are 
the nearest portions of adjacent protrusions 30 to mutually 
opposite protrusions 30, are provided at a space. 
Furthermore, the protrusion 30 is also formed in an 

15 intersection 26 of the grooves 20, i.e., an intersection 26 
which is a portion where the circumferential groove 21 and 
the lateral groove 22 intersect each other. The protrusion 
30 is provided at the intersection 26 so that the 
protrusion main portion 31 is located at the intersection 

20 26. The sloped portions 35 of the protrusion 30 located at 
the intersection 26 are preferably formed along the grooves 
20 which form the intersection 26, namely, along both the 
circumferential groove 21 and the lateral groove 22. 
Therefore, the sloped portions 35 of the protrusion 30 of 

25 which the protrusion main portion 31 is located at the 

intersection 26 are preferably provided in three or more 
directions along the circumferential groove 21 and the 
lateral groove 22. 

[0032] Fig. 5 is a cross-section of how a stone is 

30 trapped within the groove of the pneumatic tire. Fig. 6 is 
a diagram of how the stone of FIG. 5 moves. When the 
vehicle with the pneumatic tire 1 runs, the pneumatic tire 
1 rotates while a lower part of the tread surface 11 is 
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contacting the road surface (not shown). At this time, 
there are sometimes stones 50 on the road surface. If the 
groove 20 passes through the road surface where there are 
the stones 50, the stones 50 may enter the groove 20 and 
5 may sometimes be trapped within the groove 20. If the 

stones 50 are trapped within the groove 20 in this manner, 
then the stones 50 contact the road surface through 
rotation of the pneumatic tire 1, and hence, the stones 50 
may be pushed inwardly in the tire radial direction. The 
10 stones 50 pushed inwardly in the tire radial direction are 
made in contact with the groove bottom 2 4 or the 
protrusions 30. 

[0033] When the vehicle is running, the pneumatic tire 1 

rotates even in this state. Therefore, the stone 50 that 

15 is pushed out of the groove 20 due to its size which is 

greater than the depth of the groove 20, that is, the stone 
50, protruding from the tread surface 11 outwardly in the 
tire radial direction, contacts the road surface when the 
stone 50 is made to be on the road surface side by rotation 

20 of the pneumatic tire 1. At this time, frictional force 

acts between the stone 50 contacting the road surface, and 
the road surface. Further, because the pneumatic tire 1 is 
rotating, the stone 50 moves in the opposite direction to 
the rotation direction of the pneumatic tire 1, in the 

25 groove 20 along the direction in which the groove 20 is 
formed. The protrusions 30 are arranged at intervals in 
the groove 20, and the protrusion 30 has the sloped 
portions 35. Each of the sloped portions 35 has the slope 
36, and the slope 36 is connected to the top portion 32 

30 which is the highest portion from the groove bottom 24, of 
portions of the protrusion 30. Therefore, when contacting 
the slope 36 of the protrusion 30, the stone 50 moves along 
the direction in which the groove 20 is formed, thereby 
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moving along the slope 36, and hence, the stone 50 moves 
toward the top portion 32. More specifically, the stone 50 
moving in the groove 20 moves in the direction along which 
the groove 2 0 is formed, and also moves outwardly in the 
5 tire radial direction. When the stone 50 reaches the 

position of the top portion 32, a large part of the stone 
50 is exposed from the groove 20, and a part trapped within 
the groove 20 decreases. Thus, the stone 50 is ejected to 
the outside of the groove 20. As a result, penetration of 
10 the stone 50 into the tread area 10 such as the groove 
bottom 24 can be suppressed, namely, the occurrence of 
stone drilling can be minimized. 

[0034] The case, where the stone 50 trapped within the 

groove 20 moves by rotation of the pneumatic tire 1 in the 

15 direction in which the groove 20 is formed, indicates the 
case where the stone 50 is trapped mainly within the 
circumferential groove 21. However, in the case of forming 
the lateral groove 22 in a slanting direction, or in the 
case of cornering, the stone 50 trapped within the lateral 

20 groove 22 may sometimes move along the direction in which 
the groove 20 is formed when the pneumatic tire 1 rotates. 
Therefore, in either of the cases where the groove 20 
trapping the stone 50 is the circumferential groove 21 and 
is the lateral groove 22, the stone 50 moves along the 

25 direction in which the groove 20 is formed, and the 

protrusion 30 causes the stone 50 to move outwardly in the 
tire radial direction, to be ejected to the outside of the 
groove 20. Thus, the occurrence of stone drilling can be 
minimized . 

30 [0035] When the vehicle with the pneumatic tire 1 runs 
on the snowy road, the pneumatic tire 1 rotates while 
pushing the snow aside. At this time, the snow pushed 
aside enters the grooves 20. The groove 20 includes the 
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protrusions 30 , which are formed at intervals and are apart 
from the blocks 15. Therefore, the groove 20 has a lot of 
space therein, and predetermined capacity is ensured in the 
groove 20. Therefore, much of the snow pushed aside enters 
5 the grooves 20. In this manner, when the vehicle with the 
pneumatic tire 1 runs on the snowy road, much of the snow 
pushed aside by the pneumatic tire 1 enters the grooves 20. 
Consequently, the pneumatic tire 1 can obtain drive force, 
i.e., snow traction on the snowy road. As the result of 

10 these, by providing the protrusions 30 in the grooves 20, 
the resistance to stone drilling can be improved while the 
snow traction performance is ensured. Even if the vehicle 
with the pneumatic tire 1 runs not on the snowy road but on 
a muddy road, a lot of mud enters the grooves 20, thereby 

15 obtaining traction. 

[0036] Since the stone 50 trapped within the groove 20 

can be ejected to the outside of the groove 20 by the 
protrusion 30, the protrusion 30 can be prevented from 
being damaged and chipped. Therefore, even if the vehicle 

20 with the pneumatic tire 1 runs and the tread area 10 is 

thereby worn, the protrusion 30 remains in the groove 20, 
and thereby the stone 50 trapped within the groove 20 can 
be ejected to the outside of the groove 20 even if it is 
further worn. As the result of this, even if the tread 

25 area 10 is further worn, the occurrence of stone drilling 
can be minimized, and the resistance to stone drilling can 
be improved over the long time. 

[0037] Since the protrusion 30 is formed in such a 

manner that its height from the groove bottom 2 4 to the top 
30 portion 32 is 2 mm or more, a bump can more surely provided 
in the groove bottom 24 in the tire radial direction, and 
the position of the top portion 32 can be more accurately 
located outwardly in the tire radial direction with respect 
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to the groove bottom 24. In other words, the top portion 
32 can be more surely made closer to the tread surface 11. 
This allows the stone 50 trapped within the groove 2 0 to be 
more reliably moved outwardly in the tire radial direction, 
5 and easily ejected to the outside of the groove 20. As a 
result, the resistance to stone drilling can be more 
reliably improved . 

[0038] Fig. 7 is a diagram of a modification of Fig. 1. 

The pneumatic tire 1 of which tread pattern is the block 

10 pattern has the intersections 26. Since each of the 

intersections 26 is a portion where a plurality of grooves 
20 intersects each other, the stone 50 easily enters the 
portion. Therefore, the stone 50 is easily trapped within 
the groove 20 and the stone drilling easily occur. By 

15 providing the protrusion 30 in the groove 20 of the 
pneumatic tire 1 having the block pattern, the stone 
drilling which may possibly occur in the pneumatic tire 1 
can be minimized. As a result, the protrusion 30 can be 
used more efficiently. The intersection 26 may be any form 

20 of intersection if a plurality of grooves 20 intersects 
each other. That is, it includes the intersection 26 as 
shown in Fig. 2 such that one groove 20 intersects another 
groove 20 so as to abut against the another groove 20, for 
example, the intersection 2 6 such that the lateral groove 

25 22 intersects the circumferential groove 21 so as to abut 

against the circumferential groove 21, and the intersection 
26 as shown in Fig. 7 such that a plurality of grooves 20 
fully intersect each other. 

[0039] The stone 50 easily enters the intersection 26 as 

30 explained above. However, by locating the protrusion main 
portion 31 of the protrusion 30 at the intersection 26, the 
stone 5 can be prevented from entering the intersection 26. 
Furthermore, by providing the protrusion main portion 31 at 
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the intersection 26, even if the stone 50 is trapped within 
the groove 20 near the sloped portion 35 which is included 
in the protrusion 30 and formed along the groove 20 , the 
stone 50 moves inside the groove 20 as far as the 
5 protrusion main portion 31. If another stone 50 is present 
at the intersection 26, the stone 50 causes the another 
stone 50 to move outwardly in the tire radial direction. 
Since the grooves 20 intersect each other at the 
intersection 26, the groove walls 23 within which the stone 

10 50 is trapped are not many, and hence, the stone 50 moves 
toward the intersection 26. When moving outwardly in the 
tire radial direction, the stone 50 reaches an outward 
portion, where there are not many groove walls 23, in the 
tire radial direction. Consequently, the stone 50 can be 

15 more surely ejected to the outside of the groove 20. These 
more reliably allow minimization of the stone drilling, 
thereby more definitely improving the resistance to stone 
drilling. 

[0040] Figs. 8 and 9 are diagrams of modifications of 

20 the protrusion provided in the groove other than the 

intersection. The protrusion 30 may be formed in a portion- 
other than the intersection 26 or may have the sloped 
portions 35 in three or more directions. For example, in a 
pneumatic tire 1 having the block pattern as the pneumatic 
25 tire 1 where the protrusion 30 is formed in a portion with 
a large space from the intersection 26 to the intersection 
26, the sloped portion 35 may be provided in the direction 
orthogonal to the direction in which the groove 20 is 
formed, other than the direction in which the groove 20 is 
30 formed (Fig. 8) . Furthermore, since the sloped portion 35 
only has to be provided in two directions at least along 
the groove 20, the sloped portion 35 may be provided in any 
direction (s) other than the directions along the groove 20, 
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or may be provided in one direction (Fig. 9) . By providing 
the sloped portion 35 in the direction (s) other than the 
directions along the groove 20 in the above manner, the 
stone 50 can be moved more reliably in the direction of the 
5 top portion 32, and the protrusion 30 can also be 

reinforced. Therefore, even if the stone 50 trapped within 
the groove 20 applies the load to the protrusion 30 , the 
protrusion 30 can be prevented from being crushed, and the 
distortion of the protrusion 30 due to the load applied by 

10 the stone 50 can be minimized. Therefore, the stone 50 can 
be more reliably ejected to the outside of the groove 20, 
which allows further minimization of the stone drilling. 
As the result of this, the resistance to stone drilling can 
be more definitely improved. 

15 [0041] Fig. 10 is a diagram of how the protrusion main 

portion and the sloped portion are separated from each 
other. Although the protrusion 30 includes the protrusion 
main portion 31 and the sloped portion 35 which are 
integrated into one unit, the protrusion main portion 31 

20 and the sloped portion 35 may be separated from each other 
if separation is provided only slightly. If it is slight, 
even if the protrusion main portion 31 and the sloped 
portion 35 are separated, the resistance to stone drilling 
can be improved while the snow traction performance is 

25 ensured. Furthermore, by separating the protrusion main 

portion 31 from the sloped portion 35, the capacity of the 
groove 20 can be increased more, and hence, the snow 
traction performance can be further improved. The 
separation is provided not only between the protrusion main 

30 portion 31 and each of the sloped portions 35, but the 
separation may be provided so that the protrusion main 
portion 31 is separated into two parts at a slight interval 
therebetween, or may be provided so that one of the sloped 
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portions 35 is separated from the protrusion main portion 
31 at a slight interval therebetween. 

[0042] Fig. 11 is a diagram of how the width of the 

slope is narrower than the width of the top portion. Fig. 
5 12 is a diagram of how the width of the slope is wider than 
the width of the top portion. In the above explanation, 
the width F of the slope 36 is formed with almost the same 
width as the width E of the top portion 32 in the width F 
direction of the slope 36, but the width F of the slope 36 

10 and the width E of the top portion 32 may be differently 
formed. For example, if the snow traction performance is 
desired to be emphasized, the capacity of the groove 20 is 
increased, so that much more snow on the road surface is 
allowed to enter the grooves 20, thereby pushing much more 

15 snow aside. Accordingly, the snow traction performance can 
be improved. Therefore, when the snow traction performance 
is emphasized, the width F of the slope 36 is made narrower 
than the width E of the top portion 32 (Fig. 11) . This 
allows an increase in the capacity of the groove 20. 

20 [0043] If the resistance to stone drilling is desired to 

be emphasized, by increasing the width of the slope 36, the 
slope 36 easily contacts the stone 50 trapped within the 
groove 20, thereby easily ejecting the stone 50 outside the 
groove 20. Accordingly, the resistance to stone drilling 

25 can be improved. Therefore, when the resistance to stone 

drilling is emphasized, the width F of the slope 36 is made 
wider than the width E of the top. portion 32 (Fig. 12) . 
Consequently, the stone 50 trapped within the groove 20 can 
easily contact the slope 36, and can be easily ejected to 

30 the outside. Based on the results of these, the width F of 
the slope 36 is changed with respect to the width E of the 
top portion 32 according to use situations, which allows 
improvement of the snow traction performance or of the 
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resistance to stone drilling. 

[0044] If the width F of the slope 36 is too narrow, the 

stone 50 does not easily come in contact with the slope 36, 
and hence, it becomes difficult to eject the stone 50 to 
5 the outside. Therefore, the resistance to stone drilling 
may be difficult to be improved. While if the width F of 
the slope 36 is too wide, the capacity of the groove 20 
becomes too small, and hence, the snow traction performance 
may be difficult to be ensured. Based on the results, the 

10 width F of the slope 36 is preferably formed in a range 

from 0.7 to 1.1 times of the width E of the top portion 32. 
[0045] Fig. 13 is a perspective view of the protrusion 
of which top portion is an almost circle, when viewed from 
the depth direction of the groove. The respective shapes 

15 of the protrusion main portion 31 and the sloped portion 35 
of the protrusion 30 are almost rectangles, when viewed 
from the depth direction of the groove 20, but the shapes 
of the protrusion main portion 31 and the sloped portion 35 
may be any shape other than the rectangle. For example, 

20 when viewed from the depth direction of the groove 20, the 
shape of the top portion 32 may be an almost circle. Even 
if the top portion 32 is formed into such a shape, the 
stone 50 trapped within the groove 2 0 can be ejected to the 
outside and the capacity of the groove 20 can be increased 

25 if the height H and the width E of the top portion 32 are 
formed in the above manner and if the sloped portion 35 
includes the slope 36 which is formed with the width E and 
at the angle 0. Thus, the resistance to stone drilling can 
be improved while the snow traction performance is ensured. 

30 [0046] Fig. 14 is a diagram of a modification of a 

protrusion near the intersection. In the above explanation, 
the protrusion 30 located at the intersection 26 of the 
grooves 20 is formed so that the protrusion main portion 31 



24 



is located at the intersection 26. However, even in the 
protrusion 30 located at the intersection 26, the 
protrusion main portion 31 may be formed in a portion other 
than the intersection 26. For example, the protrusion 30 
5 may be located in such a manner that the protrusion main 
portion 31 is located in a portion deviating from the 
intersection 26 , that the sloped portion 35 is connected to 
the protrusion main portion 31 but is bent at the middle 
thereof, and that the bent portion is formed in the 

10 direction along which another groove 20 is formed, the 
another groove 20 intersecting the groove 20 where the 
protrusion main portion 31 is formed. Even if the 
protrusion main portion 31 is not located at the 
intersection 26, if the sloped portion 35, formed in the 

15 direction along which the another groove 20 is formed, is 

connected to the protrusion main portion 31, the protrusion 
main portion 31 is not necessarily located at the 
intersection 26. When the sloped portion 35, formed in the 
direction along which the another groove 20 is formed, is 

20 connected to the protrusion main portion 31, the stone 50 

trapped within the groove 20 is moved outwardly in the tire 
radial direction by the sloped portion 35, and is ejected, 
at the portion of the protrusion main portion 31, to the 
outside of the groove 20. This allows improvement of the 

25 resistance to stone drilling. 

[0047] Fig. 15 is a diagram of how the protrusion is 
connected to a joint formed in a space between the 
protrusion and the adjacent protrusion. Fig. 16 is a 
cross-section taken along the line C-C of Fig. 15. The 

30 protrusion 30 is formed in plurality, and the protrusions 
30 are discretely formed, but a joint 40, which is formed 
at a height of 1 mm or less from the groove bottom 24, may 
be provided between the mutually adjacent protrusions 30, 
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to connect the protrusions 30 to the joint 40. In other 
words, the respective edges 37 of the mutually adjacent 
protrusions 30 may be connected to the joint 40. The space 
between the mutually adjacent protrusions 30 is valley- 
5 shaped formed by their respective slopes 36. Therefore, 

when the stone 50 trapped within the groove 2 0 is moving in 
the direction along which the groove 20 is formed while the 
load is applied to the stone 50 inwardly in the tire radial 
direction, the stone 50 is easily moved to the space 

10 between the protrusions 30. This causes stone drilling to 
easily occur between the mutually adjacent protrusions 30, 
but by providing the joint 40 in this space as a bump 
protruding from the groove bottom 24 outwardly in the tire 
radial direction, the occurrence of stone drilling can be 

15 minimized. Furthermore, by forming the joint 40 at the 

height of 1 mm or less, the joint 40 can be provided with 
little influence on the capacity of the groove 20. 
Therefore, even if such a joint 40 as explained above is 
provided, reduction in the snow traction performance can be 

20 prevented. These allow further improvement of the 

resistance to stone drilling while the snow traction 
performance is ensured. 
[Examples ] 

[0048] Performance evaluation tests conducted on a 
25 conventional pneumatic tire 1 and the pneumatic tire 1 
according to the present invention are explained below. 
The performance evaluation test was conducted on two items, 
the resistance to stone drilling and the snow traction . 
performance . 

30 [0049] The test was conducted in a method of fitting the 
pneumatic tire 1 of 11R22.5 size having the block pattern 
to the rim to be attached to the drive shaft of a 2-D 
vehicle, and performing test runs. A method of evaluating 
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test items was implemented in the following manner. In the 
test on the resistance to stone drilling, the vehicle was 
caused to run along a fixed course including 80% of paved 
road and 20% of unpaved road until the pneumatic tire 1 was 
5 fully worn out, and then the number of stone drillings 
occurring in the tread area 10 thereafter was evaluated 
using an index in which the resistance to stone drilling 
according to a conventional example 1, explained later, was 
set to 100. If the value of the index is larger, then the 

10 number of stone drillings is smaller, which indicates that 
the pneumatic tire 1 is more excellent in the resistance to 
stone drilling. In the test on the snow traction 
performance, startability of the vehicle on a snow-covered 
road was evaluated by driver's feeling, and was evaluated 

15 using an index in which the snow traction performance 

according to the conventional example 1, explained later, 
was set to 100. If the value of the index is larger, then 
the pneumatic tire 1 is more excellent in the snow traction 
performance . 

20 [0050] As the pneumatic tire 1 to be tested, there are 
six types as the present invention, two types as a 
comparative example which are compared with these according 
to the present invention, and two types as a conventional 
example. These types were tested in the above method. 

25 According to the conventional example 1, the protrusions 30 
formed into a cuboid are formed at intervals in the groove 
20. According to a conventional example 2, the protrusions 
30 are continuously formed to become rib-shaped. According 
to a conventional example 3, the protrusion 30 is not 

30 separated from the block 15 and is formed with the same 

width as the width of the groove 20, and is formed into a 
wavefront shape in which irregularities are repeated along 
the direction in which the groove 20 is formed. Therefore, 



27 



when the wavefront is viewed at one cycle, a slope such as 
the slope 36 of the protrusion 30 is formed in two 
directions along the groove 20. In comparative example 1 
and comparative example 2, and inventions 1 to 6 , the 
5 protrusions 30 having the above shape are formed, and the 
number of slopes 36 and each angle 9 of the slops 36 are 
different from one another among the protrusions 30. 
Evaluation tests on the pneumatic tires 1 according to the 
conventional examples 1 to 3 , the comparative example 1 and 

10 the comparative example 2, and the inventions 1 to 6 were 

conducted in the above method, and the results obtained are 
shown in Fig. 17 and Fig. 18. In these figures, Fig. 17 
indicates the evaluation test results of the conventional 
examples 1 to 3 and the comparative example 1 and the 

15 comparative example 2, while Fig. 18 indicates the 
evaluation test results of the inventions 1 to 6 . 
[0051] As clearly understood from the test results of 
Fig. 17 and Fig. 18, even when the protrusions 30 are 
provided in the groove 20, if the protrusions 30 are 

20 arranged without intervals or the protrusions 30 are not 
separated from the blocks 15, then the capacity of the 
groove 20 decreases, which causes the snow traction 
performance to become lower (conventional example 2, 
conventional example 3) . Even when the slope 36 is 

25 provided in the protrusion 30, if the slope 36 is not 

provided in two directions along the groove 20, then the 
stone 50 trapped within the groove 20 cannot surely be 
ejected, which prevents improvement of the resistance to 
stone drilling (comparative example 1) . If the angle 9 of 

30 the slope 36 is made greater than 60°, then the stone 50 
trapped within the groove 20 easily catches on the 
protrusion 30 when the stone 50 moves in the direction in 
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which the groove 20 is formed, through rotation of the 
pneumatic tire 1. Thereby, the stone 50 cannot be ejected, 
which prevents improvement of the resistance to stone 
drilling (comparative example 2) . 
5 [0052] On the other hand, in the inventions 1 to 6 , 
since the slope 36 is formed in two directions at least 
along the groove 20 and the angle 9 of the slope 36 is 
formed in a range from 3 to 60 ( , the resistance to stone 
drilling can be improved while the snow traction 

10 performance is ensured. It is noted that the snow traction 
performance of the present invention 6 is "95" and this 
value is lower than the snow traction performance of the 
conventional example 1. But, because the value is lower 
only by 5, it can be assumed that the snow traction 

15 performance is ensured. 

[0053] In the above explanation, although the pneumatic 

tire 1 having the block pattern is explained as an example 
of the pneumatic tire 1, the pneumatic tire 1 according to 
the present invention may be any type of those which 

20 include the tread area 10 having any pattern other than the 
block pattern, such as a rib pattern and a rib-lug pattern. 
Even if the pneumatic tire 1 is other than the pneumatic 
tire 1 having the block pattern, it should just have the 
sloped portion 35 formed in two directions at least along 

25 the direction in which the groove 20 is formed, in the same 
manner as that of the pneumatic tire 1 having the block 
pattern. For example, in the case of the pneumatic tire 1 
having the rib pattern, the sloped portion 35 may be formed 
not only in two directions along the direction in which the 

30 groove 20 is formed, but also in the direction orthogonal 
to the direction in which the groove 20 is formed. If the 
pneumatic tire 1 has the grooves 20 in which the 
protrusions 30 can be formed in the above manner, any of 
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the patterns may be used. 

[0054] Furthermore, in the above explanation, the sloped 
portion 35 is formed in positions in two directions which 
are mutually opposite to each other with respect to the 
5 protrusion main portion 31 along the groove 20, but the 

sloped portion 35 may be formed only in one direction along 
the groove 20. For example, since the stone 50 trapped 
within the groove 20 often moves in the opposite direction 
to the direction of rotation of the pneumatic tire 1, if 

10 the rotation direction of the pneumatic tire 1 is decided 
as only one direction, the sloped portion 35 may be formed 
on only a side in the rotation direction of the pneumatic 
tire 1 with respect to the protrusion main portion 31. If 
the rotation direction of the pneumatic tire 1 is decided 

15 as only one direction, the direction in which the stone 50 
trapped within the groove 20 is moved by the rotation of 
the pneumatic tire 1 is only the direction opposite to this 
rotation direction. Therefore, by forming the sloped 
portion 35 on the side in the rotation direction of the 

20 pneumatic tire 1 with respect to the protrusion main 

portion 31, the stone 50 is moved outwardly in the tire 
radial direction, thereby being ejected from the groove 20. 
Consequently, when the rotation direction of the pneumatic 
tire 1 is decided as one direction, the resistance to stone 

25 drilling can be improved even if the sloped portion 35 is 
formed only in one direction along the groove 20. 
Furthermore, by forming the sloped portion 35 only in one 
direction, the capacity of the groove 20 can be increased. 
Therefore, when the vehicle runs on the snowy road, much 

30 more snow can be pushed aside. Accordingly, the snow 
traction performance can be more reliably ensured. 

INDUSTRIAL APPLICABILITY 
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[0055] The pneumatic tire according to the present 
invention is useful for improvement of the stone drilling, 
and especially suitable for improvement of the resistance 
to stone drilling while the snow traction performance is 
5 ensured. 



